




































































































































































































POLES TO JOINTS 
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FIGURE 6. Equal-area projection of poles to jointing in 
the southeastern section of Sweetwater Creek. 

structure, the Austell-Frolona antiform, and smaller scale 
features , jointing and lithology, control stream direction 
and water flow. In the northwestern section of the creek 
where small scale structures such as jointing do not appear 
to play a significant role in stream control , the Austell
Frolona antiform influences the direction of flow of 
Sweetwater Creek. Here the creek flows along the 
northwestern limb of the antiform in a northeastern 
direction for approximately 9 miles (14 km). Sweetwater 
Creek is the only creek in this part of the Piedmont to 
flow in this direction for a significant distance. This 

STREAM TRENDS 

A 
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control of stream flow by the antiform results from the 
presence of the massive Austell Gneiss in the nose of the 
fold. The combination of its position in the nose of a 
plunging fold and its massive character cause the gneiss 
to be resistant to erosion and to stand above the 
surrounding rocks by approximately 100 feet (30m) 
in elevation. 

In the southeastern section relatively small scale 
features are the predominant factors controlling flow 
direction. While poorly jointed and resistant lithologies 
divert the creek either to the northeast or southwest along 
the strike of the rocks for short distances, a well developed 
system of joints striking N30-60°W and dipping steeply is 
the primary agent of stream control in this section and gives 
Sweetwater Creek its overall southeastern direction. 
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ABSTRACT 

Six new terrestrial heat flow values for Georgia range 
from 0.3 heat flow units (.ucalfcm2 sec) in the Valley and 
Ridge Province of northwestern Georgia to 1.2 hfu in the 
Coastal Plain Province. Two measurements, 0.5 hfu at 
Brunswick and 0.6 hfu at Braselton, represent minimum 
values at those sites because the thermal gradients 
demonstrate hydrological influences. Values of radioactive 
heat generation for various zones of the Piedmont and Blue 
Ridge Provinces are calculated from abundances of uranium, 
thorium, and potassium determined by gamma ray 
spectrometric analyses of over 130 igneous and metamorphic 
rock samples. Average heat generation values range from 
approximately 10-14 hgu (10·13calfcm3sec) in the Paleozoic 
intrusive rocks of the Charlotte Belt to less than 4 hgu in 
samples of gneiss from the Blue Ridge Province. Comparisons 
of the heat flow and heat generation values yield a general 
linear relationship between the two variables, but fail to 
verify the reduced, or mantle heat-flow value of 0.8 hfu 
established for the central and northeastern United States. 
Instead, the values suggest that a portion of Georgia is 
thermally anomalous, and a separate thermal subprovince 
with a mantle heat flow of 0.3 hfu is identified. The low 
mantle heat flow is attributable to an upper mantle zone 
which is cooler, more mafic, and more radioactively 
impoverished than normal, and which may underlie much 
of the southern Appalachians. Simple temperature 
calculations for the crust indicate temperature variations at 
30 km depth of at least 80°C and perhaps over 200°C 
among various portions of Georgia. No obvious evidence for 
exploitable geothermal resources is identified. 

INTRODUCTION 

As part of an integrated geothermal reconnaissance of the 
southern Appalachians and southeastern Coastal Plain, we 
have measured heat flow in six boreholes in Georgia and 
have computed values of upper-crustal radioactive heat 
generation for the areas of the State where crystalline rocks 
are exposed. Our goals were to identify the general thermal 
nature of Georgia, delineate any areas of abnormal thermal 
conditions, compare the terrestrial heat flux from the major 
physiographic provinces and lithologic belts, and develop a 
subsurface temperature distribution model for the state. 
Many aspects of these goals have been satisfied, but others 
remain to be accomplished or are complicated by 
inconsistent data. This report presents our methods, 
numerical findings, and interpretations of those findings. 

1present address: Amoco Production Company, New 
Orleans, La. 70105 
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Previous Work 

Existing descriptions of geothermal conditions in Georgia 
are limited to an inclusion of the State in broad areas 
discussed on a regional basis. Roy and others (1968a, 1972) 
described the central and eastern United States as an area 
of "normal" heat flow with local anomalies attributable to 
excessive radiogenic heat production within the upper crust. 
Diment and others (1972) also discussed heat flow trends in 
the eastern United States and, although the preponderance 
of the data was from the northeastern United States, they 
presented similar values of approximately 1.2 heat flow 
units (I hfu = 10-6 cal/cm2sec). Conjectured heat flow 
contour patterns presented by Sass and others (1976) 
include western Georgia in an anomalous zone of less than 
1.0 hfu, while eastern Georgia is portrayed as an area with a 
heat flow of 1.0 - 1.5 hfu. 

Actual measurements in support of these suggestions, 
however, are limited. Determinations of heat flow at 
LaGrange and Griffin (Fig. 1) based on data from Birch and 
Spicer were reported by Diment and Robertson (1963). 
Values at both sites are 1.0 hfu, but should be considered 
as estimates because thermal conductivity values were 
estimated rather than measured. Very little additional 
information concerning subsurface temperatures in Georgia 
exists. Descriptions of thermal springs in Georgia generally 
place water temperatures at 23° to 30°C (McCallie, 1913; 
Hewett and Crickmay, 1937; Waring, 1965). Limited 
temperature measurements in boreholes in Glynn County 
(Wait and Gregg, i973) were interpreted as indicative of 
temperature gradients of approximately 28°C/km. 

Determinations of uranium and thorium abundances in 
surface rocks are equally sparse; values for two igneous rock 
suites in Georgia were reported by Brown and Silver (1955), 
and discussions of general surficial radioactivity are given by 
Auvil and Pickering (1969) and Lawton and others (1976). 
Ritchie and Plummer (1969) analyzed soils and rock 
samples from the Georgia Piedmont using gamma ray 
spectrometry. Their average values from eight rock ~amples 
were 3.7 ppm uranium and 15.8 ppm thorium. 

PROCEDURES AND RESULTS 

Temperature and Thermal Conductivity Methods 

Temperatures in boreholes were measured at discrete 
depths with a thermistor probe assembly coupled to a 1000 
meter, four-conductor cable. A Mueller-type Wheatstone 
bridge, similar to that described by Roy and others (1968b), 
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FIGURE 1. Distribution of heat flow values in and adjacent to Georgia. Closed circles represent new values reported 
herein. Key: CE, Crane Eater; MH, Marblehill; BS, Braselton; JV, Jeffersonville; TD, Townsend; BR, 
Brunswick. Open circles designate data from Diment and Robertson (1963), Roy and others (1968b), 
Diment and others (1965), Smith (1976), and Smith and others (1977). Values are given in heat flow 
units and generalized heat flow contours are shown as dashed lines. Boundaries between physiographic 
provinces are from Hatcher (1972). 

with an Electroscientific Industries six-decade variable 
resistor and a Leeds and Northrup 2437 null detector was 
used to match thermistor resistances. The system was 
calibrated at 10° intervals from 10° to 40°C using a 
Hewlett-Packard quartz thermometer. The estimated 
accuracy of individual temperature measurements is better 
than ± 0.1 °C. The accuracy of successive temperature 
differentials used for gradient values is considered to be 
much better, perhaps 0.01 °C/km. 

Temperature gradients were corrected for local 
topographic variations where necessary by using a 
modification of the method developed by Birch (1950). 
The differences between average elevations in geographic 
rings and the surface elevation of a drill hole were 
determined from topographic maps. Figure 1 shows the 
location of gradient measurements in Georgia and parts of 
adjacent states. 

Thermal conductivity analyses of rock samples from 
boreholes were made with a divided-bar apparatus similar 
to that described by Sass and others (1971a). The 
instrument consists of 3.81 em diameter upper and lower 
assemblages of 0.317 em thick copper disks enclosing 0.635 
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em thick lexan disks. Circulating baths were used to. 
establish a temperature differential of approximately 10°C 
across the specimen and maintain its temperature to within 
10°C of its!!! situ value. Copper-constantan thermocouples 
were inserted in the copper disks to determine temperature 
values. All core samples were machined to 2.54 em by 3.81 
em diameter cylinders with a tolerance of 0.0005 em, 
vacuum saturated with water, and coated with silicone 
grease to facilitate thermal contact. Measurements were 
made with the samples under an axial pressure of 50 to 100 
bars. 

Thermal conductivity values were determined on drill
hole cuttings from five sites for which core samples were 
not available. The method employed was similar to that 
described by Sass and others (197lb). Cuttings were packed 
into plastic-walled cells (1.59 em by 3.81 em diameter) 
having machined copper bases. A known volume fraction of 
water was added to saturate the cell, and a conductivity 
value for the cell as a whole was determined using the 
divided-bar apparatus. The conductivity of the rock 
fragments was then isolated by calculating the influences 
of the plastic walls, the volume fraction of the water, and 



the natural porosity of the rocks according to Sass and 
others (1971b). Mean harmonic conductivity values are 
listed in Table 1. 

Heat Flow Sites 

Terrestrial heat flow values were calculated for each 
measurement site as the product of the least-squares 
temperature gradient and the mean harmonic conductivity. 
Figure 2 displays the temperature depth relationships for 
each site. The new values (Table 1) are for three sites in the 
Coastal Plain Province, two in the crystalline rock areas 
north of the Fall Line, and one site in folded rocks of 
Paleozoic Age in the northwestern corner of Georgia. 

Holes were logged in the Coastal Plain at Brunswick 
(Glynn County), Jeffersonville (Wilkinson County), and 
near Townsend (Long County). In Brunswick, the 350 m 
deep U.S.G.S. water-monitoring well No. 19 displayed a 
very erratic temperature distribution with depth (Fig. 2) 
indicative of subsurface water flow. The well is near the 
coastline and three separate levels of W!l-ter flow with 
distinctive gradients can be surmised. An overall average 
gradient value was used for computations. Contrasting 
gradient values were also observed in the 350 m deep oil 
test well near Jeffersonville. The temperature gradient is 
8.16°C/km in the interval from 80 to 140m, but jumps to 
15.53°C/km between 140 and 300m. The deeper gradient 
value was used to determine the heat flow in order to avoid 
possible hydrologic effects at shallower depths. The 

observed gradient in a 260m deep U.S.G.S. water
monitoring well at a cemetery near Townsend is linear, 
except over the depth interval160-200 m. 

Neither core nor cutting samples were available for any 
of the Coastal Plain holes; consequently, cuttings from 
nearby holes with representative lithologies were utilized 
for conductivity determinations. Measurements were made 
of cutting from GGS 363 in Liberty County and GGS 3145 
in Wayne County for the Townsend site, from GGS 3147 in 
Twiggs County for Jeffersonville, and from GGS 362, five 
miles SSW of Brunswick, for the Brunswick site. 

A 370 m deep exploration hole (Georgia Marble 
Company No. 66-120) at the marble quarry near Marblehill 
in Pickens County displayed a linear temperature profile 
with a gradient of 15.94°C/km. Core samples from the 
same hole were used for conductivity determinations. This 
hole is in the Murphy Marble belt of the Blue Ridge 
Province. 

In the Piedmont Province, a relatively shallow (146 m) 
unused water well was logged just west of Braselton in 
Jackson County. The temperature profile shows a relatively 
low gradient (8.46°C/km) over the upper 130m, but three 
data values in the lower portion (130-146 m) of the hole 
show a gradient of over 36°C/km. It is very probable that 
flowing water has disturbed the true gradient at this site, 
and neither value is valid. Although cutting chips collected 
at the site were probably from the lower segment (first hard 
rock encountered), a weighted average gradient (10.68°C/km) 
was estimated as representative. This has resulted in a 

TABLE 1. Temperature gradients (r), mean harmonic thermal conductivity values (K) from N samples, 
and surface heat flow (Q) values. 

K 
Location N. Lat. W. Long. depth (m) r(C /km) N (mcaljcm sec0

C) Q(hfu) 

Crane Eater 34°32 1 84°52 1 200m 10.05* 14 3.425 ± .264 0.34 ± .03 
(near Calhoun, 
Gordon Co.) 

Braselton, 34°5 1 83° 46 1 
146m 10.68 14 6.015 ± .497 0.64 ± .04 

Jackson Co. 

Brunswick, 31°81 81°301 
350m 12.24 9 4.163 ± .888 0.51 ± .16 

(USGS Test Well19) 
Glynn Co. 

Jeffersonville, 32° 43 1 83°15 1 
300m 15.53 8 5.899 ± .94 7 0.92 ± .05 

Wilkinson Co. 

Marblehill, 34°251 84°21 1 
370m 15.94* 12 6.291 ± .936 1.00 ± .04 

(Georgia Marble Co. 
No. 66-120) 
Pickens Co. 

Townsend, 31°361 81°36 1 260m 33.41 13 2.710 ± .536 1.24 ± .06 
Long Co. 

*Corrected for local topography 
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FIGURE 2. Temperature profiles recorded in Georgia boreholes. Gradient values are reported in Table 1. 

considerably lower heat flow value than might be acquired 
by using the chip conductivity and the high gradient at the 
bottom of the hole. 

One hole in the Valley and Ridge Province, an oil test 
well at Crane Eater in Gordon County, was logged. The 
gradient changed abruptly from 7 .58°C/km over 60 to 120 m 
to 13.95°C/km over 120-200 m, and an overall average value 
was assigned as representative. Cutting chips from unknown 
depths and orientations in the hole were collected at the site 
for conductivity measurements. No other samples were 
available. 

The most reliable of the new heat flow values listed in 
Table 1 are, we believe, those for the Marblehill, Townsend, 
and Jeffersonville sites. The obvious distortion of the 
thermal gradient at Brunswick by groundwater movement 
relegates the 0.5 hfu heat flow value for that site to a 
minimum value. Distortion of the heat flow by groundwater 
was also observed 50 miles to the southwest at Boulougne, 
Florida, where a value of 0.5 hfu was measured (Smith and 
Fuller, in press). 

Marginal conditions (no casing in the hole, core cuttings 
for conductivity measurements, probable groundwater 
disturbance) at the Braselton site (Fig. 1) lead us to assess 
the calculated heat flow value for that area as a minimum 
value. The higher temperature gradient at the base of the 
drill hole where the core cuttings used for conductivity 
measurements originated cannot be quantitatively 
evaluated, but probably should be considered as indicative 
of a slightly higher flux than that computed. In the same 
sense, the 0.3 hfu value for Crane Eater in the Valley and 
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Ridge Province is considered an estimate because shale chips 
from the drill site were used for conductivity measurements, 
but no information concerning the depth, extent, or 
orientation of the shale is available for the measurement 
site. Anomalously low heat flow values are also observed in 
the Valley and Ridge and Appalachian Plateau Provinces of 
northern Alabama (Smith and others, 1977); thus the Crane 
Eater value, although an estimate, is probably representative 
of the area. 

Radioactive Heat Generation 

A total of 112 composite one-kg samples of igneous and 
metamorphic rocks representative of local exposures were 
collected throughout the crystalline areas of northern 
Georgia. Collection and preparation procedures were 
outlined by Garvey (1975). The samples were analyzed by 
gamma ray spectrometry for abundances of the heat 
producing elements uranium, thorium, and potassium 
(Table 2). The spectrometer system consisted of a Harshaw 
6-inch diameter Nai(T1) detector crystal optically coupled 
to a photomultiplier tube and housed in a 4-inchthick 
lead-brick well with a rail-mounted, rolling lead-brick top. 
Scintillation signals were recorded by a Nuclear Data 100 
multi-channel analyzer and later transferred to magnetic 
tape. 

Calibration was achieved with small amounts of cobalt-60 
and cesium-137, and standard samples with certified 
abundances of uranium and thorium were acquired from the 
New Brunswick A.E.C. Laboratory for comparison against 



TABLE 2. Average abundances of radioactive elements and heat generation values for 1 kilogram 
composite samples of surficial rocks in Georgia. 

Rock No. 
Area Types Samples 

Paleozoic Plutons 

(Elberton) granite 5 

(Dan burg) granite 4 

(Sparta) granite 3 

(Siloam) granite 2 

(Stone Mountain) quartz monzonite 4 

(West Central Georgia) granite 6 

Inner Piedmont 

(eastern) granite gneiss 23 

(western) granite gneiss 15 

Charlotte Belt 

(eastern) . granite gneiss 15 

(western) hornblende gneiss 6 

Blue Ridge 

(Near Brevard biotite gneiss & 6 
Fault Zone) gramte gneiss 

(north eastern mica gneiss 24 
Counties) 

unknowns. Calculation of radio-isotope abundances was 
accomplished with a 256-channel, least-squares computer 
program for three unknowns modified from Salmon (1961). 
Heat generation values were calculated using Birch's (1954) 
heat production coefficients for uranium, thorium, and 
potassium. Figure 3 shows the distribution of sample 
collection sites and Table 2 summarizes the values in heat 
generation units (10·13cal/cm3sec). A complete listing of 
individual sample values is given in Garvey (1975) and 
Gregory (unpub. data). 

DISCUSSION 

Heat Flow Values 

It is difficult to identify specific heat flow trends from 
the reported values because of the uncertainty associated 
with some of the values and the general paucity of data. 
Upon consideration of previously determined heat flow 
values for the southeastern United States (Diment and 
others, 1972; Smith, 1976), however, we can fix 
rudimentary heat flow divisions within Georgia. Figure 1 
depicts four surficial heat flow regions for Georgia, each 
based on a limited number of values within the state and 
extending to areas of adjacent states with congruent data. 
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Uppm Thppm K% A (hgu) 

6.8 51.6 4.7 14.1 

4.6 34.6 4.5 9.7 

4.0 18.6 4.0 6.7 

6.8 38.5 4.6 11.8 

4.5 6.4 4.6 4.9 

4.3 26.4 3.4 12.9 

4.2 18.5 3.9 6.4 

2.7 12.3 2.9 4.4 

3.3 18.5 3.8 5.8 

1.5 15.8 4.6 4.7 

4.5 15.6 3.4 6.2 

1.9 9.7 2.0 3.6 

The area of relatively low (<0.7 hfu) heat flow in 
northwestern Georgia includes the Valley and Ridge 
sequence and that part of the Blue Ridge Province 
northwest of the Murphy Belt. Low heat flow values at 
Ducktown, Tennessee (0.7 hfu), and Calhoun County, 
Alabama (0.2 hfu), substantiate the presence of this thermal 
region. The Piedmont Province and most of the Blue Ridge 
Province are grouped together in a thermal region 
considered to be typical of the southern Appalachians with 
heat flow values of 0.8 - 1.0 hfu. Two anomalously low 
values of heat flow from Charlotte and Winston-Salem, 
North Carolina (Emhof, 1977), suggest separate conditions 
for the Charlotte Belt; however, no data are available from 
the Charlotte Belt in Georgia and it is tentatively considered 
thermally similar to the Inner Piedmont. 

A gradational boundary for heat flow is proposed (Fig. 1) 
at the Fall Line between the Piedmont and weste~n Coastal 
Plain. Rock types dissimilar to those of the Piedmont may 
form the buried basement for much of the Coastal Plain 
(Milton and Hurst, 1965); consequently thermal conditions 
might be expected to vary from the Piedmont to the Coastal 
Plain. The heat flow region with rv0.9 hfu extends to the 
southwest to include similar values in southern Alabama and 
north Florida (Smith and Fuller,-1976; Gregory, unpub. 
data). 
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Distribution of sample locations for radioactive 
heat generation measurements and generalized 
contour lines of average values. Units are heat 
generation units. 

The 1.2 hfu value at Townsend, however, justifies an 
extension into eastern Georgia of a relatively high heat flow 
region identified in the North Carolina and South Carolina 
Coastal Plain by Smith and others (1977). This disparity 
may be a result of contrasting basement rock types or 
crustal thickness variations. 

Distributions of Radioactive Elements and Heat Production 

The numerous surface rocks sampled for analyses of 
radioactive heat-producing elements represent the diverse 
array of crystalline rocks exposed in the Piedmont and Blue 
Ridge areas of Georgia. A wide range of results was obtained 
among individual samples, and average values for groupings 
of major rock units or areas (Table 2) demonstrate regional 
variations of radioelement abundances and heat generation. 

Higher abundances of radioelements appear in the 
granitic intrusives of the Charlotte Belt than in the more 
abundant metamorphic rocks. Five composite samples from 
the Elberton Batholith average 6.8 ppm uranium, 51.6 ppm 
thorium, and 4.7 percent potassium. Lower average 
abundances are observed in the other plutons (Table 2) in 
the eastern portion of the Charlotte Belt, but six samples 
from various igneous intrusives of the west-central portion 
of the Piedmont average 4.3 ppm uranium, 26.4 ppm 
thorium, and 3.4 percent potassium. These abundances are 
roughly consistent with values from the Sparta and Danburg 
Plutons and suggest that no regular variation in radioelement 
abundance exists among igneous intrusives of different belts 
in the Piedmont. 

Analyses of samples from the Stone Mountain Pluton near 
Atlanta in the Piedmont Province, however, suggest that it is 
chemically distinct from the other Georgia plutons. Ratios of 
thorium to uranium for the Charlotte Belt Plutons and those 
from the west-central Piedmont range from 7.6 to 4.6 
(somewhat higher than the world average value of 3.7), but 
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four Stone Mountain rocks show an average Th/U value of 
1.4. A fifth sample (19.2 ppm uranium, 6.7 ppm thorium, 
and 4.6 percent potassium) has a Th/U value of 0.3, similar 
to the 0.5 value derived from data reported by Ritchie and 
Plummer (1969). If Stone Mountain is the result of anatexis 
(Whitney and others, 1974), the uranium and thorium 
abundances are related to abundances in the country source 
rock, and low Th/U values can be attributed to preferential 
mobilization of uranium during the melting process. Heat 
generation from the Stone Mountain granite is lower 
(4.9 hgu) than that observed in the other plutons samples 
(6.7 to 14.1 hgu). 

Average radioelement abundances for the metamorphic 
rocks analyzed are, in general, less than those for the 
igneous samples. Rock types sampled in the Inner Piedmont 
were primarily biotite gneiss and granite gneiss. Heat 
generation values are slightly higher in the eastern Inner 
Piedmont than in the west (6.4 hgu vs. 4.4 hgu), but still 
somewhat lower than the igneous rock values. Six samples 
of biotite gneiss and granite gneiss from the controversial 
area north of the Brevard Zone (described as Blue Ridge by 
Hatcher (1972); described as Piedmont by Crawford and 
Medlin (197 3)) averaged 6.2 hgu and are thermally similar 
to those of the Piedmont. Fifteen metamorphic rock 
samples, primarily granite gneiss, from the Charlotte Belt 
averaged 5.8 hgu and six samples of hornblende gneiss 
from the western end of the Charlotte Belt averaged 4.7 
hgu. Heat generation in the Charlotte Belt appears to be 
similar to that in the Inner Piedmont with each belt 
demonstrating a westerly decrease. Eighteen composite 
samples of mica schist and various gneisses from the Blue 
Ridge of northeastern Georgia (primarily Murray, Fannin, 
Union, and Lumpkin counties) average significantly lower 
radioactive heat production (3.6 hgu) than the crystalline 
rocks of the Piedmont. 

Figure 3 depicts a generalized contour pattern for 
radioactive heat generation in the Georgia Piedmont and 
Blue Ridge. Higher values in the Piedmont can be correlated 
with larger granitic plutons while the lowest values (2 to 
4 hgu) are more representative of the Blue Ridge rocks. 
Although the distribution of values in Figure 3 does not 
preclude an assemblage of continental fragments about 
the Brevard Zone (Fullagar and Butler, 1977), we prefer 
to attribute the major heat production variations (exclusive 
of those resulting from Paleozoic intrusives) to 
compositional changes and erosive levels in a crust marked 
by a decreasing radioelement abundance with depth 
(Lachenbruch, 1968). Thus, the exposed rocks in the Blue 
Ridge represent an older and deeper assemblage than those 
of the Piedmont. 

Mantle Heat Flow 

Determinations of radioactive heat generation in the 
surficial crystalline rocks of northern Georgia permit 
calculations of reduced heat flow - that part of the 
surficial heat flow not generated in the upper crust, but 
considered to be indicative of flux from the mantle. Birch 
and others (1968), Roy and others (1968a, 1972), and 
Lachenbruch (1968) found a linear relationship between 
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surficial heat flow and radioactive heat generation, and 
demonstrated that reduced heat flow values can be defining 
parameters for thermal provinces. As expressed by Roy and 
others (1972), the reduced heat flow is 

q* = Q -bA (1) 

where Q is the surface heat flow and A is the heat 
generation of surface rocks as determined from radioelement 
abundances. The parameter b has units of distance and is 
associated with the possible thickness of a crustal layer with 
characteristic radioactivity, A. The definitive parameters for 
the Central Plains - Eastern United States thermal province 
are q* = 0.8 hfu and b = 7.5 km (Roy and others, 1972). 
These data, however, are derived primarily from measure
ments in the northern Appalachians. 

As a test of the linear relationship between heat flow and 
surface rock heat generation and its applicability to the 
southern Appalachians, values from Georgia and adjacent 
areas are plotted in Figure 4. The heat generation values, A, 
used for the Georgia sites are averages of U, Th and K 
analyses from rocks in the immediate area of each of the 
heat flow sites. Because the Crane Eater site was in the 
Paleozoic sediments of the Valley and Ridge Province, a 
negligible value is assigned that site. Heat generation values 
associated with the Coastal Plain measurements at 
Townsend and Jeffersonville are estimated from the trends 
of Figure 3. 

Several of the values in Figure 4, including those for 
Townsend and Marblehill in Georgia, fall near the line 
established for the eastern United States by Roy and others 
(1972), but the remainder appear to describe a separate 
linear relationship with a reduced, or mantle, heat flow of 
0.3 hfu and a "b" value of 9.4 km. These data provide 
evidence for a thermal subprovince of relatively low heat 
flow that is distinct from the "eastern United States" 
province. 

The q* and b parameters are similar to those for the 
Sierra Nevada province (q* = 0.4 hfu and b = 10 km) as 
proposed by Roy and others (1972), but must be regarded 
as only approximate because of the limited number of 
values. Indeed, if the intercept (or mantle heat flow) of 
line Bin Figure 6 is approximately 0.3 hfu and the slope 
(or b value) is approximately 7.5 km or parallel to line A, 
then an argument for some subsurface thermal loss 
equivalent to 0.5 hfu might be advanced. This could be 
based on a uniform 0.8 hfu flowing from the mantle into 
the southern Appalachian crust, but a portion of that 
amount would be deviated elsewhere. Reiter and Costain 
(1973) discussed the possibility of thermal refraction at 
depth to explain contrasts in heat flow values in Virginia. 
Reliable models of the lower crust and upper mantle for 
the southern Appalachians and Coastal Plain are elusive, 
precluding exact calculations. The higher heat flow values 
reported for the North and South Carolina Coastal Plain 
Province (Smith and others, 1977; Ziagos and others, 1976), 
however, suggest that this area is (1) not a portion of the 
subprovince defined by Figure 4 and (2) perhaps a recipient 
of heat refracted from the immediate interior of the 
continent. 
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An alternative interpretation for the implied subprovince 
may evolve from the simplistic approach that lower crust 
and upper mantle thermal conditions are not uniform on a 
regional basis (eastern United States), but that areas of local 
extent (e.g. southern Appalachians) may display 
characteristic properties. Combs and Simmons (1973) have 
outlined evidence for thermal subprovinces in the central 
United States, and propose subtle, but basic, differences in 
the mantle heat flow. The abundant occurrence of 
anorthosite bodies of impoverished radioactivity in the 
northern Appalachian crust has been cited (Diment and 
others, 1972) as a possible reason for locally lower heat 
generation and surface heat flow in the northern 
Appalachians. No evidence of such plutons exists in the 
southern Appalachians. 

Temperature Distributions 

Calculations of subsurface temperatures are based on the 
linear relationship between surface heat flow and heat 
generation providing some reasonable estimates of thermal 
conductivity and heat generation exist for the subsurface. 
Lachenbruch (1968; 1970) has mathematically demonstrated 
an exponential decrease of radioactive heat generation within 
the crust with b (slope in Fig. 4) as an exponential 
decrement. If we assume a constant thermal conductivity K 
with depth, then the relationship between temperature, T, ' 
and depth, z, becomes 

T (Z) =To+ q*Z + Aob2 [ 1 - e-z/b ] (2) 
K K 

where T0 is the mean annual surface temperature and A0 
is the surface rock radioactivity. Using equation (2) and 
setting T0 = 10°C and K = 6 mcalfcm°C sec, we have 
calculated separate temperature distributions for typical 
surface radioactivity values of Georgia and the q* (0.3 hfu) 
and b (9.4 km) values from Figure 4. Three of the four 
distributions (Table 3; Figure 5) correspond to surface 
radioactivity values of 4 hgu (Blue Ridge), 6 hgu (Piedmont 
metamorphic rocks), and 10 hgu (Paleozoic intrusive rocks). 

Curves A, B, and C of Figure 5 represent temperature 
profiles for the various configurations of upper-crustal heat 
generation in Georgia that are within the thermal sub
province of anomalously lower mantle heat flow. We 
estimate this area to include the Valley and Ridge, the 
southwestern Blue Ridge, the Inner Piedmont, and perhaps 
the western Coastal Plain of Georgia. CurveD (Fig. 5) 
represents the standard temperature distribution of Roy and 
others (1972) for the eastern United States. Based on the 
distribution of data in Figure 4, this curve would be 
applicable to the northeastern Blue Ridge area, the 
northeastern Coastal Plain area (adjacent to South Carolina), 
and perhaps the younger intrusives of the Charlotte and 
Carolina Slate Belts. The curves suggest lower crustal 
temperatures (30 km depth) ranging from approximately 
200°C in extreme northwestern Georgia to over 400°C for 
the Coastal Plain Province near Savannah. 

Although the complex composition of the southern 
Appalachians seemingly resists a simple pattern of thermal 
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FIGURE 5. Plot of temperature calculations for the Georgia subsurface using a constant thermal conductivity 
of 6 meal/em sec°C and a surface temperature of 10°C. Curves A, B, and Care based on a reduced 
heat flow of 0.3 hfu and correspond, respectively, to typical surface rock heat generation values of 
4 hgu (Blue Ridge), 6 hgu (Piedmont metamorphic rocks), and 10 hgu (Paleozoic intrusive rocks). 
CurveD (from Diment et al., 1975) represents the temperature distribution for the normal eastern 
United States thermal province (Roy and others, 1968a) with q* = 0.8 hfu and A0 = 10 hgu. 
Economically useful temperature ranges for space heating and possible power production (Diment 
and others, 1975) are superimposed to illustrate P.robable depths for geothermal resources. 

models and some compromises among the curves of Figure 
5 may be in order, the lower subsurface temperatures 
associated with the anomalous mantle heat flow of 0.3 hfu 
imply a more mafic, radioactivity-impoverished, and cooler 
upper mantle under much of northern Georgia. The extreme 
subsurface temperature contrast between areas of low 
surface heat generation in the Blue Ridge Province and the 
areas of higher, more normal heat flow on the Coastal Plain 
Province can be emphasized by noting (Table 3) the 20 km 
depression of isotherms necessary under the Blue Ridge and 
Valley and Ridge Provinces. 

Geothermal Energy Potential 

No obvious sources of geothermal energy in Georgia have 
been encountered-in this study. Temperature ranges (from 
Diment and others, 1975) to accommodate limited space 
heating and power production are marked on Figure 5. 
Useful temperatures in Georgia, according to our theoretical 
calculations, lie several ( 4 to 8) kilometers below the surface 
and would seem to economically preclude drilling for 
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geothermal purposes. The presence of thermal springs in 
western Georgia (Waring, 1965) is probably related to the 
Towaliga Fault Zone, but typical temperatures are not 
excessive (30°C) and are probably a result of water 
circulation through only 1 to 2 km. 

CONCLUSIONS 

Six new heat flow values for Georgia augment two 
previously determined values. The new values range from 
0.3 hfu in the Valley and Ridge Province of northwestern 
Georgia to 1.0 hfu and 0.6 hfu values in the Blue Ridge and 
Piedmont Provinces, respectively, and to a high of 1.2 hfu in 
the Coastal Plain Province. Several of the measurements show 
influences of circulating groundwater and are, therefore, 
only estimates. 

The data do not show a sharp contrast of heat flow 
values along boundaries between physiographic provinces, 
but do substantiate the concept of a region in the southern 
Appalachians of relatively low heat flow. A paucity of 
values in the Piedmont prevent our interpretation of 



TABLE 3. Temperature calculations for the Georgia subsurface using a constant thermal conductivity 
of 6 meal/em sec°C and a reduced heat flow (q*) of 0.3 hfu. Surficial radioactive heat 
generation (A0 ) is in hgu and is considered to decrease exponentially with depth. The 
exponential decrement is b = 9.4 km. A surface temperature of 10°C is assumed throughout. 

Depth (km) 

1 

2 

4 

6 

8 

10 

20 

30 

Blue Ridge 
(A0 = 4) 

21 

31 

50 

68 

84 

98 

162 

217 

possible thermal differences among the various Piedmont 
Belts. 

Measurements of uranium, thorium, and potassium 
abundances in over 100 surficial igneous and metamorphic 
rocks by gamma ray spectrometry have resulted in 
calculations of the radioactive heat generation in the upper 
crust. The greatest radioactive heat generation, averaging 
over 10 heat generation units, is found in the Paleozoic 
igneous intrusives of the Charlotte Belt and Inner Piedmont. 
The metamorphic rocks of the Piedmont range typically 
from 4 to 8 hgu, while the lowest heat production (3.6 hgu) 
is found in the Paleozoic igneous intrusives of the Charlotte 
Belt and Inner Piedmont. The metamorphic rocks of the 
Piedmont range typically from 4 to 8 hgu, while the lowest 
heat production (3.6 hgu) is found in the Blue Ridge 
Province. Thorium to uranium ratios in the igneous rocks 
are generally 4 to 8, somewhat higher than the world-wide 
average. Stone Mountain samples, however, have an 
anomalous Th/U value of 1.4, supporting the theories of 
an anatectic origin for that pluton. 
Comparison of the heat flow and heat generation data tends 
to verify a rough linear relationship between the two 
variables, but fails to confirm a definite continuity of the 
eastern United States thermal province throughout the 
southern Appalachians. Instead, a subprovince with a mantle 
heat flow of 0.3 hfu (vice 0.8 hfu) and correspondingly 
lower than average surface heat flow is suggested. The 
anomalous thermal conditions which constitute the thermal 
subprovince are enigmatic, but may be a result of thermal 
refraction across layers of contrasting conductivity at depth, 
variable crustal thicknesses, or discontinuous mantle 
compositions. No superior model can be developed without 
additional thermal evidence and better concepts of the 
structural nature of the lithosphere of the southern 
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Piedmont Paleozoic Intrusives 
(A0 = 6) (A0 = 10) 

24 30 

37 48 

60 80 

82 109 

100 134 

117 156 

188 240 

245 301 

Appalachians. 
Temperature calculations for the Georgia subsurface 

indicate deep crustal values (at 30 km) ranging from 217°C 
in the Valley and Ridge Province to 300°C beneath the 
Paleozoic intrusives. Temperatures of over 400°C may be 
expected at 30 km depth in certain areas of the Coastal 
Plain Province. No conditions favorable to the exploitation 
of geothermal energy under present technologic and 
economic restraints exist. 
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